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FOREWORD 


This bulletin is intended to present in condensed 
form the solution of many problems occurring in 
transformer operation on rural distribution systems. 
It is a revision of the bulletin with the same title, is- 
sued April 15, 1948, which superseded Technical 
Standards Bulletin No. 10, dated March 1, 1944. 
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TRANSFORMER PROBLEMS 
I. POLARITY 


The polarity of a single phase transformer is determined by the relative directions of the 
primary and secondary windings to the core. In complicated core and winding designs it is 
sometimes difficult to determine the polarity of the transformer directly from the direction of 
the windings. It therefore becomes necessary to set up a conventional system for the speci- 
fication of polarity based on the arrangement of high and low voltage terminals on the trans- 
former tank and on the direction of the induced voltages in the primary and secondary windings. 
It is important to remember that the relative directions of the induced voltage on both primary 
and secondary must be considered and not the direction of the impressed primary voltage. 

Since the relative directions of the induced voltages as they appear at the transformer 
terminals depend on the order in which these terminals are considered, it becomes necessary 
to adopt some convention with respect to the order of consideration of the terminals. It is 
commonly accepted that the terminals of the high and low voltage windings are considered 
in the order in which they are brought out of the tank when the observer faces the tank from 
any one direction. To make this clear, refer to figures la and 1b. 
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In these figures, H, and H, represent the high voltage terminals, X, and X, the low voltage 
terminals. The arrows represent the directions of the induced voltages. Thus in figure la, 
looking at the transformer tank from the low voltage side we see that the induced voltages are 
in the same directions in both windings. The polarity in this case is called “subtractive.” 
The terminals are also numbered in this order, i. e., X, opposite H, and X, opposite Hg. 

In figure 1b, the directions of the induced voltages are opposite and the terminals are 
numbered accordingly so that X, is opposite H, and X, opposite H;. The polarity here is 
called ‘‘additive.”’ A 

The reason for the terms “‘additive’’ and “subtractive” polarity becomes evident when the 
method of testing the polarity of a transformer is considered. Referring to figure 1b, if any two 
adjacent high and low-voltage terminals are connected together, such as for example, H, and X, 
and voltage applied across either the primary or secondary windings, then the voltage meas- 
ured between the free high- and low-voltage windings, H, and X, is the sum of the primary and 
secondary voltages. In the case of figure 1a, if say, terminals H, and X, were connected and 
one winding excited, the voltage across H, and X, would be the difference between the primary 
and secondary voltages. In making these tests only a small fraction of the rated voltage need 
be used for exciting the transformer. 


(1) 


When connecting transformers in parallel, or using special connections, great care must 
be taken in observing proper polarity. In the following connection diagrams, the same polarity 
is assumed for each transformer, whether additive or subtractive. If one of the transformers 
is not of the same polarity as the others, the connections must be reversed on one side of this 
transformer. According to proposed ASA standards, single phase distribution transformers 
of less than 8,660 volts and 200 kv.-a. shall have additive polarity. All other single phase 
transformers shall have subtractive polarity. In case of doubt, tests should be made. 


II. SUBSTATION TRANSFORMER FAILURE 


Most REA financed systems have delta-wye substation transformer banks. In the 
event of failure of one transformer, a portion of the load may be carried on the other two as an 
emergency measure if no spare is available. The following procedure is to be used in recon- 
necting the bank. 


A. Substation Reconnections for a Delta-Wye Bank: 


LOAD SIDE LOAD SIDE 






| | | SUPPLY SIDE | | | SUPPLY SIDE 
a b Cc a b Cc 


Figure 2.—Before failure. Figure 3.—After failure. 


Directions: (It is assumed that all 3 phase and ‘“‘Vee”’ phase loads served by the line have been 

disconnected.) 

1. Open all disconnects or cut-outs on the supply and load sides of substation transformer 
bank, and ground the lines on the load side. 

2. Disconnect all leads to transformer that failed. 

3. Reconnect the phase wire on the Y side of the faulty transformer to phase two or three, 
selecting the one which is less loaded. This connection should be made so as to have 
the substation protected by the cut-out as before. 

4, Make certain that no connections other than the ones specified above are changed on either 
supply or load side of the transformer bank. 

5. Remove safety ground on the load side, and reclose supply side disconnects or cut-outs 
on the two good transformers, reenergizing transformer bank. Reclose load side cut-outs 
to energize the lines. 


Note 1: The two-transformer bank can carry but 86.6 percent of the rated capacity of the 
two transformers. This means that the two transformers can carry only 57.8 
percent of load of the former three-transformer bank. If the bank is overloaded 
after econ ecmey: some load must be disconnected until the defective transformer 
is replaced. 


NOTE 2: On three phase lines the load balance can be improved by dividing the load on phase 1 
between phases 2 and 3. With the connection shown above, this can be done 
by opening any sectionalizing cut-out on phase 1, and connecting the part of phase 
1 beyond this sectionalizing cut-out to phase 3. 


B. Directions for reconnecting consumer’s three-phase bank: (This applies only to wye-delta 
banks.) All banks of three transformers for power loads must be reconnected on primary 
side in the event of failure of one transformer. 


SUPPLY SUPPLY 


1 2 3 N 
TRANSFORMER 
NEUTRAL 

, UNGROUNDED 


2 3 N 


NEUTRAL 
GROUNDED 

















abo c abn Cc 
LOAD . LOAD 
Figure 4.—Three-phase bank before failure of Figure 5.—Three-phase bank after failure of 
substation transformer. substation transformer. 


. Open cut-outs on all three phases on the primary side. 

. Disconnect, and remove from service, transformer A of the three transformers. The final 
connections are shown in figure 5. Connect transformer neutral bus to ground. 

Make certain that no other changes have been made to load side connections of transformers. 

. See note figure 6. 

Reclose cut-outs on the two transformers that are to remain in service. 

. Check voltage and phase rotation before leaving consumer’s premises. Phase rotation may 

be checked by observing direction of rotation of unloaded polyphase motors. 

. If consumer has a V-bank (see fig. 6), make certain that the two primary phase wires are 

not connected in parallel at any point for emergency operation (see fig. 3). 
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Il. PARALLELING TRANSFORMERS 


For exact division of load in proportion to ratings, for transformers in parallel, the voltage 
ratings must be identical, the percentage impedances equal, and the ratio of resistance to re- 
actance the same for both. Any other conditions involve division of load not in proportion 
to ratings, and may also cause circulating current to flow. Transformers may be operated in 
parallel when some of these conditions are not met, but with resultant loss in efficiency. One 
manufacturer makes the following recommendations: 


“Tt is not considered good practice to operate transformers in parallel under the 
following conditions: 
1. When the division of load is such that the load current flowing in any one is greater 
than 110 percent of its normal full load value, with a total load equal to the combined 
kv.-a. rating. 


2. When the no-load circulating current of any transformer exceeds 10 percent of the 
full load rated value. 
3. When the arithmetical sum of the circulating and load currents is greater than 110 per- 
cent of the normal full load current. 
In the above, circulating current means the current flowing at no load exclusive of 
exciting current. By load current is meant the currents flowing under load, ex- 
clusive of exciting and circulating currents. 


A. Unequal Voltage Ratios 

The most important requirement is to have equal voltage ratings on each side for the 
transformers to be paralleled. If the voltage ratios are unequal, a circulating current results. 
For equal or nearly equal percent impedances and unequal ratios the following formula may 
be used to calculate the circulating current. It is exact where the ratios of resistance to re- 
actance in the two transformers are equal, but also sufficiently accurate for most other cases. 


__%e (100): 
Yolei= 77, + K GLa 


Where %I.,:=circulating current in percentage of the rated current of unit No. 1 
e=difference in voltage ratio expressed in percentage of normal 
%Z,—=percent impedance of unit No. 1 
%Z.—=percent impedance of unit No. 2 
_ Kv.-a. 
Kerra 





Example: 
Two transformers of 5 percent impedance are connected in parallel in a single phase bank 
on a 7,200 volt line, transformer 1 having a voltage ratio of 12,750 to 7,200 and transformer 2 
apeug of 12,750 to 7,620. Capacity of transformer 1 is 100 kv.-a. and of transformer 2 is 50 
a. 


Then: voltage ratio of transformer 1_ 12750_, rat 





(this is normal ratio) 7900) 
voltage ratio of transformer 2= eo —1.68 
Gem EE x100=5.1% 

Jol = Tol2=5% 
K= Ryans 50 7 


_5.1X<100_ 
%la= BLOKb ot 


Such a parallel combination would obviously be unsuitable. In order to obtain the actual 
circulating current in amperes the rated current of transformer 1 is multiplied by I.;. In the 


above example the rated current would be = = 18.9 amps,, and. I,,=0.34> 13. 9-427 





amps. 


B. Unequal Percentage Impedances 

For equal ratios, and unequal percentage impedances, the load division may be calculated 
approximately as follows: 

Note: This method is exact when ratios between resistance and reactance of both trans- 
formers are equal. 


ye Rhye 


ee ae, 





_ Kv.-a., KY.-d.e 
tale A Ange CA tek 


I, =Total load current 
I,=Current No. 1 
I,—Current No. 2 
Kv.-a.,=Capacity of No. 1 
Ky.-a..=Capacity of No. 2 
%Z,—=Percent impedance of transformer No. 1 


%Z,—=Percent impedance of transformer No. 2 
Example: 
Assume two transformers with equal voltage ratios connected in parallel. Transformer 1 
is of 100 kv.-a, and 5 percent impedance. Transformer 2 is 50 kv.-a. and 5.5 percent imped- 
ance. ‘Total load current is 15 amperes. 





Ky.-a.,;=100 
Kv.-a..=50 
y=15 amperes 
% seo 
Gla==5.5 
100, 50 
C= a5 + Bop ool 
=e X15=10.3 amperes 
1 eK 15 =4.7 amperes 
; . 100,000 
If the line voltage is 7,200 volts, rated current for transformer 1= 7900) = 13.9 amps 
50,000 


and for transformer 2= 7200 =! amps. Both transformers are therefore opérating within the 


limits of rated capacity. 


C. Unequal Ratios and Unequal Percent Impedances 

Where both the voltage ratios and transformer impedances are different, the circulating 
current due to off-ratio as calculated from A should be added to the load current in each trans- 
former as calculated from B, to obtain the total current flowing in each transformer. 

In many cases, resistance or reactance in the connections may unbalance parallel trans- 
formers. By properly adding the correct amount to the resistance and reactance in the 
leads, unbalanced transformers may be perfectly balanced. 

In connecting transformers in parallel, it is obviously important that the polarity of the 
voltages be carefully checked. After ascertaining the polarities of all transformers, a diagram 
of connections should be drawn before attempting any such work. If the transformers are 
connected in parallel with the reversed polarities large secondary circulating currents will 
result which will usually damage the transformers if not interrupted immediately. 
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IV. THREE PHASE SERVICE 


Figure 6 and figure 7 show the recommended connections for three phase service. Figure 
6, commonly called the ‘“open-delta’”’ or “V” connection, should not be used in an excessive 
number of installations as it causes some unbalance on the system. Single bushing trans- 
formers may be used for the “V” connection, but if there is any possibility of placing these 
transformers in a bank of three, double bushing transformers should be obtained so that the 
connection shown in figure 7 can be used at a later date. 

In the diagrams, all transformers are considered to be of the same polarity. If one is 
of unlike polarity, connections to it must be reversed, either on the primary or the secondary. 

Where lines are sectionalized by means of single pole breakers, LINEMEN MUST BE 
CAREFUL TO THOROUGHLY GROUND AN OPEN LINE BEFORE WORKING ON 
IT. For example, in figure 7, if a breaker opened phase A on the source side of the three-phase 
bank, phases B and C remaining energized, partial voltage might still exist on phase A beyond 
the breaker, due to voltage and current relations in the three phase bank. 

The amount of voltage on an open phase 1s variable, depending on many factors, but it 
may be as great as one-half the normal line-to-ground voltage. ALWAYS TREAT A LINE 
AS HOT UNTIL IT IS GROUNDED. 


V. SINGLE PHASE LOAD ON THREE PHASE BANK 


In many three phase transformer bank installations, it is also desired to serve some single 
phase load. Figures 8, 9, and 10, copied by permission from “Transformer Engineering’ by 
L. F. Blume (John Wiley & Sons, Inc.), give the limits of loads which may be served with vari- 
ous transformer combinations. The use of these curves can best be illustrated by examples. 


Example 1: 
Assume three transformers in a wye-delta bank rated as follows: 
Transformer A—15 kv.-a. 
Transformer B—10 kv.-a. 
Transformer C—10 kv.-a. 
The three phase load is 10 kv.-a. at 80 percent power factor. What single phase load at 
ay, power factor can be placed on transformer A without overloading any unit in the 
ank? 


Solution: Use figure 9. 


The three phase kv.-a. load in percent of transformer B rating in kv.-0.=75 (100) = 
100 percent. 
Ratio of Ky.-a.,4 to Kv-a.n=4p=15 


At 100 percent on the abscissa proceed vertically upward to the curve with R=1.5. Then 
proceed horizontally and find that the single phase kv.-a. in percent rating of unit B equals 
approximately 182 percent. Hence, additional allowable single phase load on A equals 1.82 
(10) =18.2 kv.-a. 

If the three phase load were 20 kv.-a., the additional allowable single phase load on A 
would be found to be about 105 percent of transformer B rating or 10.5 kv.-a. 

If the single, phase load is known, the allowable three phase load may be found by the 
reverse process. 


Example 2: 
Given a three-phase load of 20 kv.-a. and a single phase load of 10 kv.-a., what trans- 
former ratings should be used in a wye-delta bank? 


Solution: Use figure 10. 


Ratio of three phase load to single phase load=4=2.0. In figure 10 on the abscissa 


find 2.0 and proceed vertically upward to the two curves. Proceeding horizontally from 
the transformer B and C curve, we find that the ratio of transformer kv.-a. to single phase 
load ky.-a. equals 0.87, and similarly from the transformer A curve, we find that the ratio 
of transformer kv.-a. to single phase load kv.-a. equals 1.88. Hence, transformers B and 
C should be rated at least 0.87 (10) =8.7 kv.-a. and transformer A should be rated at least 
1.33 (10) =13.3 kv.-a. The next larger standard ratings would be used, unless advantage 
were to be taken of the transformer overload capabilities. 
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VI. OVERLOADING OF TRANSFORMERS 


A transformer may be overloaded during peak load conditions, providing light load follows 
and allows the transformer to cool off. According to the interim report on overloading trans- 
formers by the AIEE committee on electrical machinery (iii)*: “For daily load factors below 
100 percent, the loading may be increased 0.8 percent for each percent that the daily load 
factor is below 100 percent, with normal life expectancy. In no case should the overload 
permitted by this factor exceed 15 percent.” (iii). 

In accordance with the committee’s recommendations, the following table is suggested 
as a general guide for overloading transformers on REA systems. (If load curves of the sys- 
tem are available, Technical Standards Bulletin No. 1 (vi) may be used for greater accuracy 
in estimating transformer overload capabilities.) 


TABLE I 


Permissible transformer overloads with no reduction in life expectancy. 
AIEE recommendations 








Daily average ambient temperature Percent rated load on self-cooled trans- 
formers 








Daily load factor 














oe Pt 
50 percent or less 60 percent 
—10 14 155 LNs Ve 
0 32 145 142 
10 50 135 132 
15 59 130 127 
20 68 125 122 
25 ce 120 LZ 
30 86 115 t12 





The load factor is, of course, the ratio of the average load over a period to the peak load 
occurring in that period. This means that the peak load can be, say 115 percent of the trans- 
former rating when operating on a system whose load factor is 50 percent in a 30 degree C 
ambient temperature. Although the load period on REA systems is usually taken as one 
month for purposes of other work, it is necessary that a one-day period be used in determining 
the load factor for calculating allowable overloads on transformers. 

Short time overloads with some reduction in life expectancy are also given in the AIEE 
interim report mentioned above. 

Transformers may also be safely overloaded continuously if forced-air blowers, oil coolers, 
or water sprays are added. Any such installation requires detailed investigation and should 
be referred to the transformer manufacturer. 


Vil. TRANSFORMER PROTECTION 


A. Short Circuit Protection and Service Distance 

Transformers are protected by fuses or circuit breakers on the primary, on the second- 
ary, or both. Technical Standards Bulletin No. 4 (v) outlines the procedure for calculating 
the required ratings of such devices for adequate protection of the transformer against 
short circuits. The rating of the required device depends on the transformer size, the 
service size, length, and number of wires, and characteristics of the device to be used. In 
addition, the device must coordinate with other devices on the system. Table II shows 
protection afforded by various standard makes of secondary fuses to various sizes of 


*Numbers in parentheses refer to Bibliography, p. 24. 
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transformers for 120-volt and 120/240-volt services. Table II is based on 3.5 percent 
transformer impedance, which is conservative, and gives the maximum service distance 
for which various makes and sizes of fuses will protect transformers against short cir- 
cuits. If a particular make and size of fuse protects a certain size of transformer for a 
short circuit at a specified distance of service, the fuse will, of course, also protect the 
transformer for short circuit at any lesser service distance. In addition, the table gives 
the various household devices which will coordinate with these secondary fuses for a 
eee service length of 100 feet. The use of the table can best be explained by 
examples. 


Note on use of table II: 


The first column gives service distances. The second and alternate even columns 
give corresponding maximum secondary fuse size which will give protection to the trans- 
former for a secondary fault at this distance. 

The third and odd columns (starred) give the house device which will coordinate at 
a minimum service distance of 100 feet with the corresponding secondary fuse. The 
household devices are listed in order of slowness so that if a secondary fuse coordinates 
with No. 5, it will also coordinate with Nos. 4, 3, 2, and 1, and if it coordinates with No. 4, 
it will also coordinate with Nos. 3, 2, and 1, etc. In selecting the secondary fuse size, 30 
feet should be added for the length of the service entrance cable. In border-line cases, 
always select the smaller secondary fuse rating. 


Example 1: 


Given a transformer installation of 3-kv.-a. with three No. 6 (120/240 volt) service 
conductors, using a Schweitzer & Conrad silver cartridge type SSI secondary fuse at the 
transformer, and 35 ampere “‘quick lag’’ breakers in the service entrance, what is the great- 
est possible service length which may be used with full protection afforded to the trans- 
former against secondary short circuits, and still coordinate the secondary fuse with the 
service entrance breaker? 


Solution: 


Use the 3-kv.-a. 3-wire transformer sheet. In the SSI column under No. 6 service, 
it can be seen that a service length up to 2,000 feet may be used with a 40-ampere SSI 
S & C fuse, a service length up to 1,400 feet may be used with a 50-ampere fuse, and a 
service length up to 900 feet may be used with a 60-ampere fuse. Any of these fuses will 
coordinate with the service entrance breaker specified for any service length beyond 100 
feet. Hence, a minimum distance of 100 feet and a maximum distance of 900, 1,400 or 
2,000 feet depending on the secondary fuse size may be used for the service in this particular 
case. 


Example 2: 


Given a transformer installation of 5 kv.-a. with a 3 wire, No. 4 service and a service 
distance up to 500 feet. The service entrance protection is a 60-ampere fuse. What size 
General Electric catalogue 9F13A secondary fuse will protect the transformers? 


Solution: 


Going to the 5-kv.-a.3-wire sheet, on the 500-foot row for No. 4 service and under the 
GEI column, it can be seen that a 95-ampere secondary fuse will do the job. However, 
since the 60-ampere service entrance fuse will also coordinate with the 85-ampere secondary 
fuse, the 85-ampere secondary fuse may be used for more conservative protection if de- 
sired. It is usually preferable to use the smallest secondary device which will still coordi- 
nate with the service entrance protection. 


Table II is based on characteristics furnished by the various manufacturers in 1942. 
The table is intended only as a guide, and special cases should be worked out by the system 
engineer. 

mirranle III shows the maximum service distances which may be used with one type of 
transformer with internal and secondary breaker so as to obtain protection against secondary 
short circuits. Table III is based on ASA Permissible Emergency overload curves and trans- 
former manufacturer’s data on the secondary breaker characteristics. 

The service distance may not only be limited by the transformer protective problem, but 
may also be limited by the voltage drop. Figure 11 gives the voltage drops to be expected for 
various transformer sizes and services. The drop including the transformer and service should 
be added to the existing or anticipated primary drop to obtain the total drop at the load. This 
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drop should be within the required limits in order to provide adequate service. The selected 
service distance should be the lesser of the two figures given by the fault current protective and 
voltage drop requirements. 

Transformer primary fusing schedules may be calculated in the same manner as the 
secondary fusing tables. Unfortunately, experience has shown that for the smaller sizes of 
distribution transformers on 7,200-volt lines, the primary fuse size required to provide protec- 
tion against secondary faults is so small that it is frequently blown by lightning surges, or 
damaged by mechanical vibration. Hence, primary fuse ratings in use on REA systems have 
been increased since 1936. The present recommended primary transformer fuse ratings and 
the maximum service distances for which protection may be provided against secondary short 
circuits for transformer impedance of 3.5 percent are shown in table IV. The large variation 
in fuses made by different manufacturers is readily apparent. 

Although distribution transformers of less than 10 kv.-a. will usually have an impedance 
of less than 3.5 percent, and the primary fuse will therefore provide greater protection than 
shown, it can be seen that, in the main, little protection against secondary troubles is furnished 
by such primary fuse ratings. Smaller ratings will offer more protection, but at the same time 
more false fuse blowings can be expected. Since the transformer failure rate has been 
small on REA systems, the trend has been toward the higher fuse ratings. 


B. Inghtning Protection 

Transformers are protected by arresters, expulsion tubes or open gaps. The function of 
such devices is to limit the voltage drop between the transformer windings and between wind- 
ings and ground to a value, as far as practicable below that at which the insulation will fali. 
In order to hold the transformer tank, the midpoint of the low voltage winding, and the ground 
sides of the arrester and primary winding at the same voltage level, these points are connected 
together on multi-grounded REA systems (except in California) and also connected to the 
lightning arrester ground and the system neutral. The surge voltage stress on the transformer 
insulation is therefore practically independent of the ground resistance, and dependent only 
on the characteristics of the protective device and the lightning surge. The system manager 
should maintain such ground connections and the interconnections, since the life of the trans- 
former will depend on them. An additional consideration is the adequate grounding of the 
case for safety reasons. 

Although, as stated above, the resistance of the arrester ground has little effect on trans- 
former protection if the interconnection scheme is used, this does not mean that the ground 
resistance is unimportant. _ If the resistance to ground of the arrester ground lead becomes high, 
the voltage on the tank will rise to a high level upon discharge of the arrester current through 
the ground resistance. Due to the interconnection of the secondary winding, this will in turn 
be impressed on the consumer’s wiring. Such high voltages may be injurious. It is therefore 
very important that the individual lightning arrester ground and the service ground at the 
consumer’s service entrance have as low resistance as possible. Considering the service 
entrance equipment and the consumer’s premises, the ground at the consumer’s premises is 
the most important, but it is the individual ground at the transformer nearest the consumer 
which is next in importance rather than the combined interconnected system neutral ground. 


VII. MAINTENANCE OF TRANSFORMERS 


Transformers, like all other electrical equipment, must be maintained. (VII) The amount 
of maintenance depends on the investment in the equipment and the importance of uninter- 
rupted service. Substation transformers, in particular, should receive special attention, while 
transformers which serve important loads also require frequent inspection. Small distribution 
transformers, serving relatively unimportant loads, however, cannot receive a great deal of 
maintenance, due to the excessive costs which would be required by such a procedure. The 
usual practice with regard to such small transformers is to bring a transformer into the shop 
and provide a thorough check when a change in transformer installation is made. 

The following concerns particularly maintenance of substation transformers, and, in lesser 
degree, and where practical, other transformers. 


A. General Inspection 
1. Once a day, if possible, and at least once a week. 

a. Oil level. See if oil is up to required level. , 

b. Ambient temperature. A record should be kept of ambient temperatures. 

ce. Oil temperatures. A record of the oil temperature, particularly at peak demand, 
should be kept and coordinated with the ambient temperature. Some trans- 
formers have a load indicator instead of an oil temperature indicator in which 
-case this reading should be made. 
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If it is impossible to take the temperature readings each day, the day of peak 
demand should be selected. 

d. Coil temperature. Some of the larger transformers have thermocouples embedded 
in the coils to indicate coil temperature. This temperature should be recorded 
periodically, particularly at peak load. 

2. Once a week, if possible, and at least once a month. 

a. Load current. Check current in each phase by means of a clamp-on ammeter, or 
using an ammeter with current transformers, if such are installed, for load on 
transformers and phase balance of transformers and feeders. Make check 
during peak load period and on or near day of maximum demand. 

b. Voltage. Check voltage on each phase. It may be possible to eliminate over- 
excitation and excessive core loss by readjusting the tap connections. If a spare 
recording voltmeter is available, it is well to obtain a record of the voltage over 
a period of several days. 


B. Unit Inspection 


1. Quarterly 

a. Ground resistance. The ground resistance at an REA type substation is very 
important due to the multi-grounded line construction. The operation of the 
arresters and the safety of the station depend on the grounding resistance. The 
ground resistance will vary with location and season of the year, and no hard 
and fast rules applicable to all cases can be laid down. In general, the resistance 
should be under 5 ohms, if at all possible. Ground connections to arresters, 
eee tanks, bushings, fence and grounding devices should be thoroughly 
checked. 

b. Oil tests. Manufacturer’s instruction books and bulletins give methods for ob- 
taining oil samples. Such instructions should be followed exactly, as many 
errors in oil tests are due to improper sampling. It is particularly important 
that the container be clean and dry and that the oil be taken properly. The oil 
sample should be tested by the manufacturer or by a laboratory. Oil testing to 
high insulation value does not necessarily indicate satisfactory conditions, as 
water may appear in the open type transformers under certain conditions, and 
not show up in the oil tests. It is therefore necessary to make the under cover 
and core checks as described below. 

ce. Lightning arresters and gaps. Check condition and settings of arresters and gaps. 

d. Breathers. See if breathers are open and operating properly. 


2. Semiannually 
a. Inspection under the cover. Inspection under the main cover, the handhole cover, 
and bushing supports should be made on an open type transformer to determine 
whether or not water condensation is taking place. During the initial period of 
operation, this should be done frequently, (approximately monthly) and after 
some operation, such inspection should be made at least semiannually. If there 
is condensation, the manufacturer should be contacted for recommendations. 
The condition of any disturbed gaskets should be checked to see if a 
new gasket is needed before reassembly. It is usually preferable to install a new 
gasket than to take a chance on an old one. 


8. Biennially (every 2 years). 

a. Inspection above the core. On open type transformers, the oil should be drawn 
down to the top of the core, and all parts inspected for condensation and sludge 
about every 2 years. 

b. Oil filtering. The dielectric strength of the oil in an open type transformer must be 
maintained. If the oil test shows a dielectric strength of not more than 16 to 17 
kv. for the one-tenth inch gap, the oil should be filtered. A dielectric strength 
above this is adequate, providing there is no local condensation. On oil con- 
servator or gas seal transformers, oil filtering is rarely necessary. 

ce. Transformer and refinishing. The transformer finish should be inspected and any 
badly worn spots should be repainted, or the entire tank should be refinished. 
The most important step in such work is to thoroughly prepare the surface by 
removing all loose paint, blisters, scale, and rust; and in some cases all the old 
paint should be removed. After cleaning, the tank should be painted as soon as 
possible. Recommendations on type of paint and primer, number of coats, etc., 
should be obtained from the transformer manufacturer. 
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C. Detailed Inspection 


An over-all inspection should be made about every 4 or 5 years. If deposits of sludge are 
found, the interior of the transformer should be raised from the tank and thoroughly washed 
with new oil. All parts should be examined for displacement, tight connections, etc., and the 
tank should be cleaned. If the sludging seems to be excessive, the matter should be called to 
the attention of the manufacturer. Most rural systems will necessarily have to rotate the spare 
transformer so that one transformer can be inspected each year, until complete round is made. 
If no spare is available, it might be possible to use the open-delta or V-connection described 
above during periods of light load. 


D. Unenergized Units 


Where transformers hang on the line unenergized for long periods, the underside of the 
cover and visible parts should be checked for moisture, and oil samples should be taken before 
energizing. If moisture is present, recommendations should be obtained from the manufacturer 
before energizing the transformers. 
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TABLE II.—Protection Afforded by Secondary Fuses of Various Makes to 1 Kv.-a. Transformer 
With 2-Wire 120-Volt Service 




























































































Sheet 1 
Number 8 Service 
Service 
distance 

Mi* M2* | GHI* | GE2* | LM* | SSi* | 882% K* SC1* | SC2* | SC3* B* 

100 

125 
150 60 3 75 3 75 4 75 4 50 4 40 4} 100 4 60 4 50 4 50 4 40 4 25 4 
175 60 3 50 3 50 3 75 4 50 4 40 4 | 100 4 60 4 50 4 50 4 40 4 25 4 
200 60 3 50 3 50 3 75 4 50 4 40 4] 100 4 60 4 50 4 50 4 40 4 25 3 
800 60 3 50 8 50 3 50 3 50 4 40 4 te 4 60 4 50 4 50 4 40 4 20 3 
400 50 3 50 8 50 3 50 3 40 3 40 4 75 4 50 4 50 4 40 4 80 4 Z0mS 
500 50 3 50 3 45 3 45 8 40 8 40 4 (Gee! 50 4 40 4 80 3 80 4 20 3 
600 50 8 45 1 45 8 45 3 40 3 40 4 60 38 40 3 30 3 30 3 25 8 15 8 
700 40 1 45 1 45 3 45 3 40 3 40 4 60 3 40 3 30 3 80 3 PAS 8) 1059.33 
800 40 1 40 1 40 3 40 3 30 2 80 4 60 3 40 3 80 3 20 3 2503 15 3 
900 40 1 40 1 40 3 40 3 2082 30 4 60 3 40 3 80 38 20 3 25 3 15 3 
1,000 40 1 40 1 40 3 40 3 30 2 380 4 50 3 30n3 x0) 3 740) 3) PAS vats} 15e3 
1,200 40 1 30 40 3 3001 S0m2 80 4 40 8 80 3 ZOno 20 3 200 15 3 
1,400 30 1 30 SX0) ah 80 1 25 1 30 4 40 3 80 3 25 3 Z20eo iby & 15 3 
1,600 25 25 25 1 25 1 25 1 80 4 40 3 2.13 2053 20 8 15 2 15 3 
1,800 25 25 OAS A Pax, il 25 1 80 4 80 2 PAS) 633 GS a 20n3 is 15 3 
2,000 20 20 Z0mE 2bel 25a 25 4 30 2 20 1 15 1 16s a Lowe ils S 

Number 6 Service 

100 

125 
150 75 4 75 3 75 4 75 4 50 4 50 4 | 100 4 60 4 60 4 50 4 40 4 25 4 
175 75 4 15 3 75 4 15 A 50 4 50 4 | 100 4 60 4 60 4 50 4 40 4 25 4 
200 75 4 Tone 75 4 75 4 50 4 50 4 | 100 4 60 4 60 4 50 4 40 4 25 4 
300 60 3 75 3 75 4 75 4 50 4 40 4 | 100 4 60 4 60 4 50 4 40 4 25 4 
400 60 3 50 3 50 38 50 3 50 4 40 4} 100 4 60 4 50 4 50 4 40 4 25 4 
500 50 3 50 3 50 3 sft) 5! 50 4 40 4 754 50 4 50 4 50 4 30 4 20 3 
600 50 3 50 3 HORS 50 3 40 3 40 4 754 50 4 50 4 40 4 30 4 20 3 
700 50 3 50 3 4553 45 3 40 3 40 4 15 4 50 4 40 4 40 4 30 4 2083 
800 50 3 50 3 45°3 45 3 40 3 40 4 75 4 50 4 40 4 30 3 380 4 20 3 
900 50 3 a5m0 45 3 45 3 40 38 40 4 75 4 40 3 40 4 30n3 25 3 1573 
1,000 40 1 45 1 45 3 45 3 40 3 40 4 60 3 40 3 30 3 30 3 25 8 15 3 
1,200 40 1 40 1 40 3 40 3 80 2 380 4 60 3 40 3 303 20 3 25 3 15 3 
1,400 40 1 40 1 40 3 40 3 30 2 80 4 60 3 30 3 30 3 20 3 265 3 L5y3 
1,600 40 1 40 1 30 1 40 3 80 2 30 4 50 3 80 3 2OES 20 3 ZonS 15 3 
1,800 40 1 30 30 1 380 1 30 2 80 4 40 3 25 3 25 3 20 3 20 3 105}. 3) 
2 000 30 1 30 30 1 30 1 Zon 380 4 40 3 25.3 20 3 20 3 ils) Be it 3} 

*Legend: 


M1— Matthews cartridge type C. T. S. 

M2— Matthews fuse link series 50H and 100H 
below 100 amps. Series 100B above 
100 amps. 

rae ee ot mere Katies catalog 9F13A. 

E2—General] Electric fuse links type 9F1S. 

LM— Line Material unifit (cartridge and link). phteive deviten cootecte WL Raceee ooeee ee 

SS1— Southern States cartridge type S. F. L. 

SS2— Southern States cartridge type S. X. L. 

K— Kearney “tubular” cartridge. 

SC1— Schweitzer & Conrad silver cartridge type 


15-amp. Fusetat. 

15-amp. circuit breaker (quick lag or Heine- 
mann magnetic). 

80-amp. fuse. 

25-amp. multi-breaker. 


Pwo Doe 


SS1. 
sc2— i Ed & Conrad tin cartridge type 
ST1 


SC3— Schweitzer & Conrad tin link series 88,000. 
B— Bussman Type JLS cartridge or JPX link. 
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TABLE II.—Protection Afforded by Secondary Fuses of Various Makes to 1% Kv.-a. Transformer 
With 2-Wire 120-Volt Service 













































































Sheet 2 
Number 8 Service 
Service 
distance 
M1* M2* | GH1* | GE2* | LM* | SS1* | SS2* K* SC1* | SC2* | SC3* B* 
100 
125 
150 TO 3 85 3 85 4 85 4 75 4 60 4 | 150 4 | 100 4 75 4 50 3 65 4) 354 
WD (ons 85 3 85 4 85 4 60 4 60 4 | 150 4 15 4 75 4 50 3 50 4 35 4 
200 ous 85 3 85 4 85 4 60 4 60 4 | 125 4 75 4 60 4 50 3 50 4 35 4 
300 (Cons [53 75 3 75 3 60 4 60 4 | 126 4 75 4 60 4 50 3 40 4 30 3 
400 60 3 50 1 50 3 fiom 50 3 60 4 | 100 4 60 3 60 4 AN al |) 4) 4b) SO @ 
500 60 3 50 1 50 3 50 3 50 3 60 4 ome 60 8 50 3 40 3 ADVAN | 25) 3 
600 50 1 50 1 a0) 3 nl) & 40 3 50 4 8 50 3 | 40 3 40 3 30 3 25 3 
700 50 1 45 1 45 2 AN Be 40 3 50 4 75 3 50 3 | 403} 403 30 3 2di3 
800 50 1 45 1 45 2 45 3 40 3 50 4 60 3 40 3 30 3 30 3 30 3 25 3 
900 40 1 45 1 45 2 40 3 40 3 50 4 60 3 40 3 30 3 30 3 25 3 20 3 
1,000 40 1 40 40 2 40 8 AQ) al 40 4 60 3 40 3 30 3 3093 PA 3) 20°73 
1,200 30 40 40 2 40 3 30 1 40 4 50 3 30 3 25 3 25.9 20 3 20 3 
1,400 30 30 30 1 30 1 30 1 40 4]; 403 30 3 25 3 25 3 20 3 20m 
1,600 30 30 30 1 30 1 a) al 30 3 40 3 25 2 25 3 20 2 ily al ADS 
1,800 25 25 25 1 30 1 25 1 30 3 30 1 Dae 25 3 20: 2 15 il 15 1 
2,000 25 25 25 1 25 25 1 25.3 30 1 25 2 25 3 15 1 ils) al 15°1 
Number 6 Service 
100 
125 
150 100 4 95 4 85 4 Asc! 75 4 60 4 | 150 4 | 100 4 75 4 50 3 65 4 | 354 
WD ie LOO 95 4 85 4 fis 2h C504 60 4 | 150 4 | 100 4 75 4 50 3 60 4) 335 4 
200 100 4 95 4 85 4 75 4 75 4 60 4 | 150 4 | 100 4 (ts a 50 8 65 4 35 4 
300 75 3 85 3 85 4| 754 60 4 HD) eh |) TASS eb |p Aas eh |) aay a! 50 3 65 4 35 4 
400 75 3 85 3 75 3 50 3 60 4 60 4 | 125 4 75 4 60 4 50 3 50 4 30 3 
500 60 3 75 3 75 3 50 3 60 4 60 4 | 100 4 owe 60 4 50 3 AQ Gh | BiG) 3 
600 60 3 50 1 50 3 50 3 50 3 60 4 | 100 4 60 3 60 4 | 408 40 4 | 303 
700 60 3 50 1 50 3 50 3 it) 8 60 4 | 100 4 60 3 50 3 | 403 AQRA en 2OnS 
800 60 3 50 1 50 3 45 3 50 3 50 4 | 75 8 50 3 50 3 | 403 303 25 3 
900 60 3 50 1 50 3 45 3 40 3 50 4 75 3 50 3 50 3 40 3 30 3 7358 
1,000 50 1 45 1 AD Ee DEO 40 3 50 4 75 3 50 3 | 403 40 3 30 3 25 3 
1,200 50 1 | 45 1 45 2 45 3 40 3 50 4 | 75 3 40 3} 403 30 3 30 3 palsy & 
1,400 40 1 Als 40 2 40 3 40 3 50 4 60 3 | 408 30 3 BOs 30n3 20 3 
1,600 40 1 40 40 2 40 3 30 1 40 4 60 3 40 3 30 38 30 3 ZOmS 20 3 
1,800 30 30 30 1 30 1 30 1 40 4 50 38 30 3 25 3 25 3 20 3 Z20nS 
2,000 30 30 30 1 30 1 30 1 404] 4038 30 3 Aye || Ais |) ANS | 20 3 
*Legend: 
M1i— Matthews cartridge type C. T.S. 1 20-amp. Fusetat. 
M2— Matthews fuse link series 50H and 100H 2 30-amp. fuse. 
below 100 amps. Series 100B above 8 20-amp. circuit breaker (quick lag or Heine- 
100 amps. mann magnetic). 
GE1—General Electric cartridge catalog 9F13A. 4 35-amp. multi-breaker. 


GE2—General Electric fuse links type 9FIS. Single numbers at right of each column indicate which household 
LM— Line Material unifit (cartridge and link). protective devices coordinate with transformer secondary fuses. 
SS1— Southern States cartridge type S. F. L. 
SS2— Southern States cartridge type S. X. L. 
K— Kearney “tubular’’ cartridge. 
SC1— Schweitzer & Conrad silver cartridge type 

ssl 


SsCc2— Schweitzer & Conrad tin cartridge type 
ST1l 


SsCc3— Schweitzer & Conrad tin link series 88,000. 
B—  Bussman Type JLS cartridge or JPX link. 
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TABLE I].—Protection Afforded by Secondary Fuses of Various Makes to 1% Kv.-a. Transformer 
With 3-Wire 120/240-Volt Service 






























































Sheet 3 
Number 8 Service 
pple 
istance 
Mi1* M2* | GE1* | GE2* | LM* | SS1* | SS2* K* SC1* | SC2* | SC3* Bt 
100 
125 
150 75 4 50 2 50 3 75 5 50 3 30 4 75 3 50 3 50 4 40 3 30 3 20 3 
n Effi) 75 4 50 2 50 3 15 5 50 3 30 4 75 3 50 3 50 4 40 3 80 3 20 3 
200 60 3 50 2 50 3 75 5 40 3 30 4 75 3 50 3 50 4 40 3 80 3 203 
300 60 3 50 2 50 8 50 3 40 3 30 4 a3 50 3 50 4 40 3 30 3 15 3 
400 50 2 50 2 45 3 45 3 40 3 30 4 ADae 50 3 40 3 380 3 30 3 15 3 
500 50 2 45 1 45 3 45 38 40 3 30 4 15 3 50 3 40 3 30 3 30 3 ES 8 
600 50 2 45 1 45 3 45 3 40 3 30 4 60 3 40 3 S003 30:3 7A 3} 1503 
700 40 2 45 1 40 2 45 8 30 1 30 4 60 3 40 3 30 3 30 3 Zone 5) 
800 40 1 40 40 2 45 3 30 1 30 4 60 3 S0mS 30 3 25 3 25 3 AO, 
900 40 1 40 40 2 40 2 Bxt) a 30 4 50 3 Bl) 83 30 3 25 3 20 3 I) Be 
1,000 30 40 Om 40 2 80 1 30 4 50 3 30 3 VAS B 25 3 20 3 WA 
1,200 80 30 30 1 Bun) al 30 1 30 4 40 3 25 2 25 8 20 2 20 3 1272 
1,400 25 25 28 il 30 1 25 1 Pas 3} 40 3 25 2 20 2 2082 15-2 PA Ye 
1,600 25 25 25 1 30 1 Asp It 26 3 30 2 20a 20 2 105 a L5P2 BP 
1,800 25 25 AS a 25 1 20 1 25 3 30 2 OXY 15 1 15 1 1G} Be Zee 
2,000 25 25 20 25 1 20 1 25 3 30 2 15 1 151 15 1 10 1 1d 
Number 6 Service 
100 
125 
150 754 50 2 50 3 75 5 50 3 40 5 75 3 60 4 60 5 40 3 40 5 20 3 
175 75 4 50 2 50 3 75 5 50 3 40 5 16 3 60 4 60 5 40 3 40 5 20 3 
200 15 4 50 2 50 3 75 5 50 3 40 5 153 60 4 50 4 40 3 40 5 20 3 
300 60 3 50 2 50 3 76 5 40 3 30 4 ips 50 3 50 4 40 3 30 3 BAN) 
400 60 3 50 2 50 3 50 3 40 3 30 4 i 8! 50 3 50 4 40 3 30 3 20 3 
500 60 3 50 2 50 3 50 3 40 3 80 4 15 3 50 3 50 4 40 3 30 3 15°93 
600 60 3 50 2 5073 50 3 40 3 80 4 16 3 50 3 40 3 40 3 30 3 is 3) 
700 50 2 45 1 45 3 50 3 40 3 30 4 103 33 50 3 40 3 30 3 30 3 1593 
800 50 2 45 1 45 3 45 3 40 3 30 4 hoes 40 3 40 3 30 3 25 3 ib) @ 
900 50 2 45 1 45 3 45 3 40 3 30 4 owe 40 3 40 8 30 3 Zone 1593 
1,000 40 1 45 1 45 3 45 3 40 3 30 4 60 3 40 3 30 3 80 3 25 83 15 3 
1,200 40 1 40 40 2 45 3 40 3 80 4 60 3 40 3 30 3 25 3 25 3 12°2 
1,400 40 1 40 40 2 40 2 40 3 30 4 50 3 30 3 30 3 25 3 20 3 12F2 
1,600 80 40 30 1 40 2 80 1 30 4 50 3 30 3 25 3 25 3 20 3 12/2 
1,800 30 30 30 1 30 1 30 1 80 4 50 3 25 2 25 3 202 20 3 12)2 
2,000 30 80 30) 1 = Oe 25 1 25 3 40 3 25 2 20 2 20 2 15 2 12 2 
*Legend: 


M1— Matthews cartridge type C. T. S. 

M2— Matthews fuse link series 50 H and 100 
H below 100 amps. Series 100B above 
100 amps. 

GE1—General Electric cartridge catalog 9F13A. 

GE2—General Electric fuse links type 9F 1S. 

LM— Line Material unifit (cartridge and link). 

SS1— Southern States cartridge type S. F. L. 

SS2— Southern States cartridge type S. X. L. 

K— Kearney “‘tubular’”’ cartridge. 

sc1— oer & Conrad silver cartridge type 


20-amp. Fusetat. 

30-amp. fuse. 

20-amp. circuit breaker. 

(quick lag or Heinemann magnetic). 
60-amp. fuse. 

35-amp. multi-breaker. 


oF, WNr 


Single numbers at right of each column indicate which household 
protective devices coordinate with transformer secondary fuses. 


sCc2— Schweitzer & Conrad tin cartridge type 


SC3— Schweitzer & Conrad tin link series 88,000. 
B— Bussman Type JLS cartridge or JPX link. 
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TABLE II.—Protection Afforded by Secondary Fuses of Various Makes to 3 Kv.-a. Transformer 
With 8-Wire 120/240-Volt Service 















































Sheet 4 
Number 6 Service 
Service 
distance 
M1* M2* | GE1* | GE2* | LM* | SSi* | SS2* K* SC1* | SC2* | SC3* B* 
100 
125 
150 100 4 | 100 4 95 5 95 5 75 4 60 5 | 150 5 | 100 5 | 100 5 75 5 65 5 | 40 4 
175 100 4 | 100 4 85 4 95 5 75 4 60 5 | 150 5 | 100 5 | 100 5 75 5 65 5 40 4 
200 100 4 | 100 4 85 4 95 5 75 4 60 5 | 150 5 | 100 5 | 100 5 75 5 655 | 40 4 
300 100 4 95 4 85 4 95 5 75 4 60 5 | 150 5 | 100 5 75 4 75 5 65 5 35 4 
400 75 3 85 4 85 4 85 5 75 4 60 5 | 150 5 75 4 75 4 60 4 50 4 35 4 
500 75 3 85 4 15 3 75 4 60 4 60 5| 1254), 754 75 4 60 4 50 4 30 3 
600 15.3 15 2 75 3 75 4 60 4 60 5 | 125 4 75 4 60 4 60 4| 404) 3038 
700 60 2 50 15 3 75 4 50 3 60 5 | 100 4 60 4 60 4 50 4| 40 4 30 3 
800 60 2 50 50 2 75 4 50 3 60 5 | 100 4 60 4 60 4 50 4 | 404 25 2 
900 60 2 50 50 2 (5 4 50 3 60 5 75 4 60 4 50 4 50 4| 404) 252 
1,000 50 2 50 50 2 50 2 40 2 50 4 15 4 50 3 40 4 50 4 30 3 26: 2 
1,200 50 2 45 45 2 50 2 40 2 50 4 15 4 50 3 404] 403 30 3 25) 2 
1,400 50 2 45 45 2 45 2 40 2 50 4 60 2 40 2 30 3 30 2 30 3 2DEe, 
1,600 40 45 40 2 40 2 30 2 40 4 60 2 40 2 30 3 30 2 250 2 20 1 
1,800 40 40 40 2 40 2 30 2 40 4 60 2 40 2 30 3 30n2 25 2 20 1 
2,000 40 40 30 40 2 30 2 40 4 50 2 30 2 20 2 20 2 25 2 20 1 
Number 4 Service 
100 
125 
150 100 4 | 100 4 95 5 | 100 5 75 4 75 5 | 150 5 | 100 5 | 100 5 15 5 80 5 | 40 4 
175 100 4 | 100 4 95 5 | 100 5 75 4 75 5 | 150 5 | 100 5 | 100 5 75 5 80 5 40 4 
200 100 4 | 100 4 95 5 | 100 5 75 4 75 5 | 150 5 | 100 5 | 100 5 75 5 80 5 40 4 
300 100 4 | 100 4 95 5 95 5 75 4 60 5 | 150 5 | 100 5 75 4 15 5 65 5 40 4 
400 100 4 95 4 85 4 95 5 75 4 60 5 | 150 5 | 100 5 75 4 75 5 655 | 404 
500 100 4 95 4 85 4 85 5 75 4 60 5| 150 5) 75 4 15 4 15 5 65 5 35 4 
600 15 3 85 4 85 4 85 5 75 4 60 5 | 150 5 75 4 75 4 60 4 65 5 35 4 
700 75 3 85 4 85 4 85 5 60 4 60 5 | 125 4 75 4 15 4 60 4 50 4 35 4 
800 75 3 85 4 15 3 15 4 60 4 60 5 | 125 4 75 4 75 4 60 4 50 4 30 3 
900 15 3 (EV 15, 3 15 4 60 4 60 5 | 125 4 75 4 75 4 60 4 50 4 30 3 
1,000 60 2 75 2 ibis 15 4 50 3 60 5 | 100 4 60 4 60 4 50) 45) 9 4084 30 3 
1,200 60 2 50 50 2 TD: 4. 50 3 60 5 | 100 4 60 4 60 4 50 4 40 4 25:2, 
1,400 60 2 50 50 2 15 4 50 3 50 5 75 4 60 4 50 4 50 4 40 4 PAS 
1,600 50 2 50 50 2 B02 40 2 50 5 75 4 50 3 40 3 40 3 30 3 Palsy, Ye 
1,800 50 2 45 45 2 50 2 40 2 50 5 15 4 50 3 40 3 40 3 30 3 PASS Ve 
2,000 50 2 45 45 2 45 2 40 2 50 5 75 4 50 3 40 3 30 2 30 3 25 2 
*Legend: 
M1i— Matthews cartridge type C. T. S. 1 30-amp. Fusetat. 
M2— Matthews fuse link series 50 H and 100 2 30-amp. fuse. 
H below 100 amps. Series 100B above 38 35-amp circuit breaker (quick lag or Heine- 
100 amps. , mann magnetic) 
GE1—General Electric cartridge catalog 9F13A. 4 60-amp. fuse. 
GE2—General Electric fuse links type 9F 1S. 5 50-amp. multi-breaker. 


LM— Line Material unifit (cartridge and link). Single numbers at right of each column indicate which household 
SS1— Southern States cartridge type S. F. L. protective devices coordinate with transformer secondary fuses. 
SS2— Southern States cartridge type S. X. L. 
K— Kearney “‘tubular’’ cartridge. 
SC1i— Schweitzer & Conrad silver cartridge type 

SSI 


sc2— Schweitzer & Conrad tin cartridge type 
STI 


SC38— Schweitzer & Conrad tin link series 88,000. 
B— Bussman Type JLS cartridge or JPX link. 
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TABLE II.—Protection Afforded by Secondary Fuses of Various Makes to 5 Kv.-a. Transformer 
With 3-Wire 120/240-Volt Service 


Sheet 5 





Number 6 Service 



































Service 
distance 
M1* M2* | GE1* | GE2* | LM* | SS1* | SS2* K* SC1i* | SC2* | SC3* Bt 
100 
125 
150 150 4 | 125 2 | 125 4 | 100 4 | 100 4 | 100 4 | 150 4 | 150 4 | 150 4 | 125 4 | 100 4 60 4 
175 150 4 | 125 2 | 100 4 | 100 4 | 100 4 | 100 4 | 150 4 | 150 4 | 125 4 | 125 4 | 100 4 60 4 
200 150 4 | 125 2 | 100 4 | 100 4 | 100 4 | 100 4 | 150 4 | 150 4 | 125 4 | 125 4.) 100 4 60 4 
800 125" 3) 151005277 10004 3) 10074 85 4 | 100 4 | 150 4 | 125 4 | 100 4 | 100 4 80 4 50 3 
400 100 2 95 1 95 3 95 4 85 4 | 100 4 | 150 4 | 100 4 | 100 4 lib, 3 65 4 50 3 
500 100 2 95 1 85 2 85 3 (li 75 4 | 150 4] 100 4 15 4 15 3 65 4 50 3 
600 75 1 85 85 2 85 3 fia @3 75 4 | 150 4 15.3 15 4 (583 65 4 40 3 
700 ord: 75 P(lses P4 15 2 60 2 To 4 wil core “one 75 4 60 2 50 3 40 3 
800 60 50 152 Lo 2 60 2 75 4 | 100 2 15 3 60 3 60 2 50 3 40 3 
900 60 50 15 2 15 2 50 1 75 4 | 100 2 60 2 60 3 60 2 40 2 40 3 
1,000 60 50 50 50 1 50 1 75 4 | 100 2 60 2 50 2 50 2 40 2 40 3 
1,200 50 45 50 50 1 50 1 15 4 15 2 60 2 40 2 50 2 40 2 BS) 
1,400 50 45 45 45 40 60 4 75 2 50° 1 40 1 40 1 30 2 SES 
1,600 50 45 45 45 40 60 4 60 1 50 1 30 80 1 380 2 35.2 
1,800 50 40 40 40 40 60 4 60 1 40 80 300! 80 2 SH) al 
2,000 50 40 40 40 40 50 4 50 40 80 80 BW) 2 SOM 
Number 4 Service 
100 
125 
150 200 4 | 125 2 | 125 4 100 4 | 100 4 | 125 4 | 150 4 | 150 4 |} 150 4 | 125 4 100 4 60 4 
175 150 4 | 125 2 | 125 4 | 100 4 | 100 4 | 100 4 | 150 4 | 150 4 | 150 4 | 125 4 | 100 4 60 4 
200 150 4 | 125 2 | 125 4 | 100 4 | 100 4 | 100 4 | 150 4 | 150 4 | 150 4 | 125 4°) 100 4 60 4 
800 150 4 | 125 2 | 100 4 | 100 4 | 100 4 | 100 4 | 150 4 | 150 4 | 125 4 | 125 4) 100 4 60 4 
400 125 8 | 100 2 | 100 4 | 100 4 Sha a elLOO V4 EL O04 a1 254 oh 4 Ooms 80 4 50 3 
500 125 3 | 100 2 95 3 95 4 85 4 | 100 4 | 150 4 | 100 4 | 100 4 |} 100 4 80 4 50.3 
600 100 2 sal 95 3 95 4 85 4 | 100 4 | 150 4 | 100 4 | 100 4 15 3 65 4 50 3 
700 100 2 95 1 85 2 95 4 85 4 | 100 4 | 150 4 | 100 4 715 4 {05 8: 65 4 50 3 
800 100 2 95 1 85 2 85 3 (3s. 83 To, 4 150! 471100) 4 715 4 15 3 65 4 50 3 
900 75 1 85 85 2 85 3 415). 33 75 4 | 150 4 oa 154 T5038 65 4 40 3 
1,000 75 1 85 85° 2 85 3 60 2 715 4} 125 8 15 3 15 4 60 2 50 3 40.3 
1,200 75 1 15 75 2 (iy B 60 2 Woe eel2ons qs) B 60 3 60 2 50 3 40 3 
1,400 60 50 {()3) Y- filsy ab 60 2 15 4 | 100) 2 60 2 60 3 60 2 50 3 40 3 
1,600 60 45 50 50 1 50 1 75 41 100 2 60 2 50 2 60 2 40 2 40 3 
1,800 60 45 50 SOnt 50 1 75 4 75 2 60 2 50 2 60 2 40 2 Sone 
2,000 50 45 50 45 40 60 4 Uisy 7 50 1 40 1 60 2 30 2 One 
*Legend: 


M1i— Matthews cartridge type C. T.S. 

M2— Matthews fuse link series 50H and 100H 
below 100 amps. Series 100B above 
100 amps. 

GH1—General Electric cartridge catalog 9F13A. 

GE2—General Electric fuse links type 9F1S. 

LM— Line Material unifit (cartridge and link). 

SS1— Southern States cartridge type S. F. L. 

SS2— Southern States cartridge type S. X. L. 

K— Kearney ‘“‘tubular’” cartridge. 

SC1— Schweitzer & Conrad silver cartridge type 


SSI. 
sc2— pene ee & Conrad tin cartridge type 


SC3— Schweitzer & Conrad tin link series 88,000. 
B— Bussman Type JLS cartridge or JPX link. 


1 35-amp. circuit breaker (quick lag or Heine- 
mann magnetic). 

2 60-amp. fuse. 

8 35-amp. Fusetron. 

4 50-amp. multi-breaker. 


Single numbers at right of each column indicate which household 


protective devices coordinate with transformer secondary fuses. 
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TABLE II.—Protection Afforded by Secondary Fuses of Various Makes to 74 Kv.-a. Transformer 
With 3-Wire 120/240-Volt Service 










































































Sheet 6 
Number 6 Service 
Service 
distance 
M1* M2* | GE1* | GE2* | LM* | SS1* | SS2* K* SC1* | SC2* | SC3* B* 
100 
125 
150 200 4 | 125 4 | 125 4 | 100 4 | 100 4 | 150 4 | 150 4 | 175 4 | 150 4 | 150 4 | 100 8 | 100 4 
175 150°4 | 125°4 | 125 4) 100 4 | 100 4 | 150 4 | 150 4 | 175 4 | 150 4 | 150 4 | 100 8 75 4 
200 150° 4 | 125 4 | 125 4 | 100 4 | 100 4 | 150 4 | 150 4 | 175 4 | 150 4 | 150 4 | 100 3 75 4 
300 JOOR4e 1 OOeSr meLOOR4ss 10084 | 100 4 )°150' 45) 150 47) 150 4 | 150 4) 125 4) 803 60 4 
400 125 3 | 100 3 | 100 4 | 100 4 Sdeduieizonsn | 1o0rd eet 25.4 100 45 e100 4 ee S03 60 4 
500 100 3 95 2 95 3 95 4 85 4 | 125 4} 150 4 | 100 4 | 100 4 | 758 80 3 50 3 
600 75 1 95 2 85 2 Sons 15 Salel2o 4.\0160 45)°100 4 8 75.4). 75 3 65 3 50 3 
700 (a) 85 1 85 2 85 3 Onn LO0n4An | el O0R4 see One 754) 753 65 3 50 3 
800 {hs al 85 1 85 2 om LOLS eLOOPA RP IZ5 EA abr Ss cieelond | GOs 65 3 50 3 
900 Coat 75 75 2 ome G0 Sale L00 45) 12554 | eato 3 60 3 60 3 50 3 50 3 
1,000 -| 60 75 75 2 i502 60 3 | 100 4 | 100 8 75 3 60 3 60 3 50 3 50 3 
1,200 50 50 50 50 1 60 3 Onsale Lao Une 50 3 50 2 | 403 50 3 
1,400 50 50 50 50 1 50 1 Oman Oe 2 CORZn I 40 eT 502; 403); 403 
1,600 50 45 50 40 50 1 50 4 15 2 50 1 30 502) 403) 403 
1,800 40 45 40 40 50 1 50 4 60 1 50 1) 30 30 30 2 35 2 
2,000 40 40 40 40 50 1 50 4 | 50 40 30 30 380 2) 3852 
Number 4 Service 
100 
125 
150 | 200 4 | 125 4 | 150 4 | 100 4 | 150 4 | 150 4 | 150 4 | 200 4 | 200 4 | 200 4 | 100 4 | 100 4 
175 | 200 4 | 125 4 150 4 | 100 4 | 150 4 | 150 4 | 150 4 | 200 4 | 200 4 | 200 4 | 100 4 | 100 4 
200 200 4 | 125 4/125 4) 100 4 | 150 4 | 150 4 | 150 4 | 175 4 | 200 4 | 150 4 | 100 4 | 100 4 
300 150 4 | 125 4 | 125 4 | 100 4 | 100 4 | 150 4 | 150 4 | 175 4 150 4 | 150 4 | 100 4| 754 
400 150 4 | 125 4 | 100 4 | 100 4 | 100 4 | 150 4 | 150 4 | 150 4 | 150 4 | 125 4) 100 4] 754 
500 125°3 | 1003 || 100° 47) 100 4 | 10047) 125 47] 150 4°| 125°4 | 125 4 | 125 4 | 804 | .60.4 
600 P2553 ee OOkS) |) 100) 4a eL00r4 85 4 | 125 4] 150 4] 125 4/100 4} 1004] 804] 604 
700 100 3 | 100 3 95 3 95 4) 85 4) 125 4 | 150 4 | 100 4 | 100 4 | 100 4 | 80 47) 60 4 
800 100 3 95 2 95 3 95 4 85 4 | 125 4 | 150 4 | 100 4) 100 4] 753 65 4 50 3 
900 100 3 95 2 85 2 85 3 (onon | L254 | 15084 (100 4 F100"45 | 75, 3 65 4 50 3 
1,000 (el 85 1 85 2 85 3 75 3 | 100 4 | 150 4 | 100 4| 7541) 753 654] 503 
1,200 om 85 1 85 2 85 3 75 3 | 100.4 | 125.4) 753 7541] 603 6541] 503 
1,400 75 1 75 (A397 howe 60 3 | 100 4 | 1254} 75 3 60 3 60 3 50 3 50 3 
1,600 60 75 US 5 2 60 3 | 100 4 | 100 3 75 3 60 3 60 3 50 3 50 3 
1,800 60 50 50 75 2 60 3 75 4 | 100 3 60 2 60 3 50 2 | 40 3 50 3 
2,000 60 50 50 50 1 50 1 (EVES | SY 60 2} 401 KG | AO Bi |) ZAD. 8 
*Legend: Haat : 
M1— Matthews cartridge type C. T. S. 1 35-amp. circuit breaker (quick lag or Heine- 
M2— Matthews fuse link series 50H and 100H mann magnetic). 
below 100 amps. Series 100B above 2 60-amp. fuse. 
100 amps. 8 35-amp. Fusetron. 
GE1—General Electric cartridge catalog 9F13A. 4 50-amp. multi-breaker 


GE2—General Electric fuse links type 9F1S. 
LM— Line Material unifit (cartridge and link). protective devices coordinate with transformer secondary fuses. 
SS1— Southern States cartridge type S. F. L. 
SS2— Southern States cartridge type S. X. L. 
K— Kearney “tubular” cartridge. 
SC1— Schweitzer & Conrad silver cartridge type 

ul 


Single numbers at right of each column indicate which household 


SC2— Schweitzer & Conrad tin cartridge type 
STI 


SCc3— Schweitzer & Conrad tin link series 88,000. 
B—  Bussman Type JLS cartridge or JPX link. 
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TABLE III.—Protection Afforded by Internal Secondary Breaker on One Type of Transformer so 
Equipped (Based on ASA Permissible Emergency Overload and Manufacturer’s Curves on the 
Internal Breaker) 








Maximum service distance 
Transformer size and type Will coordinate with following at minimum service 
of connection cae distance of 100 feet 1 
oO. 


1% kv. a., 2 wire 1,340 20-amp. Fusestat, 30-amp. fuse, 20-amp. 


breaker.” 

1% kv. a., 3 wire over 2,000 20-amp. Fusestat, 30-amp. fuse. 

8 kv. a., 3 wire 1,25 30-amp. Fusestat, 30-amp. fuse; 35-amp. 
breaker,? 60 amp. fuse. 

5 kv. a., 3 wire 35-amp. circuit breaker,? 60-amp. fuse; 35- 
amp. Fusetron, 50-amp. multi-breaker. 

7 kv. a., 3 wire 35-amp circuit breaker,? 60-amp. fuse; 35- 
amp. Fusetron, 50-amp. multi-breaker. 





1 Will not coordinate with other device if such device has greater time delay than those indicated. 
2 The circuit breaker is a Westinghouse “‘Quick Lag” or a Heinemann magnetic or equivalent. 


TABLE IV.—Maximum Service Distance in Feet for Which Transformer May Be Protected Against 
Secondary Short Circuits : 
In accordance with ASA safe loading curve (ASA C 57.82—1948), (transformer impedance—3.5%) 


ee 


7,200-volt transformer rating, kv.-a. | 134 (2 wire) | 1% (3 wire) 3 (3 wire) 5 (3 wire) 7% (3 wire) | 10 (3 









































wire) 
REA Recommended primary fuse 
rating amperes 2 ses) oe == 2 2 2 3 5 5 
Conductor sizes. 5. 20. ses. eee No. 8| No. 6| No. 8| No. 6| No. 6| No. 4| No. 6 | No. 4| No. 6] No. 4| No. 4 
Fuse make: 
1. General Electric type 
ORI Gite tate eee 90 140 30 50 | 380 600 245 | 3875 180 | 280 340 
2. Schweitzer & Conrad 
64,000 seriesaae. = eee 0* 0* 0* 0*; 190 300 180 270 90 140 190 
8. Matthews 100H__-_------ 70 150 0* 0*| 270 420 210 320 160 250 290 
4. Kearney type QA__-_----- 0* 0* 0* 0*| 190 300 240 370 170 260. 310 
5. Kearney type 200___----- 0* 0* 0* 0*; 190 300 145 220 80 nate 180 
6. Westinghouse type U T__- 0* O* 0* 0* 0* 0* 80 125 50 70 125 
7. Line Material unifit_____- 0* O* 0* 0* 30 100 180 270 130 200 270 
8. Southern States type F or 
A Tee Ml erp ee 0* 0* 0* 0*| 340 520 190 290 150 250 400 
9. Railway & Industrial Eng. 
TV DeLee) epee ee 80 120 20 30 290 450 180 270 50 70 120 
10) oslyn tee eee 490 740 | 400 620 |2,200 |8,600 |1,400 |2,3800 830 |1,400 | 1,180 




















* Fuse clearing current is damaging to transformer. 
** Fuse rated in same kv.-a. as transformer. 
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